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(57) ABSTRACT 

AcustomiZed surgical ?xture (400) is formed by scanning a 
body to form a three-dimensional image of the body, and 
then identifying in the image a target (310) in the body, and 
mounting points or structures (330) on the body. A model, 
such as a computer solid model, of the ?xture (400) is 
speci?ed in accordance With the locations of the target (310) 
and mounting structures (330) or points. The ?xture (400) is 
formed in accordance With the model of the ?xture (400), for 
example using a rapid prototyping and tooling machine. 
When attached to the body, the ?xture (400) can be used to 
guide a surgical instrument (610) into the body, for example, 
by using a mechanical guide (600) attached to the ?xture 
(400) or using a remote sensing device (1300) that tracks the 
relative position of the customized ?xture (400) and the 
surgical instrument. 

25 Claims, 15 Drawing Sheets 
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CUSTOMIZED SURGICAL FIXTURE 

This application is a continuation of 09/110,070 ?led Jul. 
6, 1998 now US. Pat. No. 6,327,491. 

BACKGROUND 

The invention relates to customized surgical ?xtures. 
Many types of surgical procedures rely on precisely guiding 
an instrument into the body. This is the case in stereotactic 
surgery in Which a target point Within a body, for example, 
Within a brain, is identi?ed in a three-dimensional scanned 
image of the body. A detailed survey of stereotactic surgery 
can be found in Textbook of Stereotactic and Functional 
Neurosurgery, P. L. Gildenberg and R. R. Tasker (eds.), 
McGraW-Hill, June 1997 (ISBN: 0070236046). In a typical 
approach to stereotactic surgery, a frame is attached to the 
body prior to scanning. After scanning, the target point in the 
body is identi?ed in the scanned image With reference to the 
frame. Then, during surgery, an adjustable instrument guide 
is attached to the frame. The guide is adjusted to align With 
the target point. Arelated approach to stereotactic surgery is 
described in copending US. patent application Ser. 09/063, 
658 ?led Apr. 21, 1998, Which is incorporated herein by 
reference. In that approach applied to brain surgery, an 
adjustable instrument guide is attached directly to the skull. 
Once attached, it is adjusted to align With the target point. 

These previous approaches to stereotactic surgery require 
adjustment of an instrument guide in order that the instru 
ment can be driven accurately to the target point Within the 
body. 

SUMMARY 

Adjusting an instrument guide to align With a target point 
Within the body can be complex and time consuming. In 
some procedures multiple points must be targeted. For 
example, in spinal sterotactic surgery, multiple targets on 
different spinal segments are used. In a general aspect of the 
invention, rather than targeting an adjustable instrument 
guide, a customiZed ?xture is fabricated for a particular 
patient, such that targeting is unnecessary or greatly simpli 
?ed. A ?xed instrument guide attached to the customiZed 
?xture can be used to guide a surgical instrument to the 
desired point Without adjustment. 

In one aspect, the invention features a method for forming 
a surgical ?xture for attaching to a body and providing a 
reference structure for precisely locating a target Within the 
body, such as a particular point or an anatomical structure 
Within the body. The method includes processing a three 
dimensional scanned image of the body, for example a CT 
or MRI scan. The scanned image includes the target Within 
the body, for example a point or region of the body, and a 
mounting location of the body. The method also includes 
determining a structure of the surgical ?xture such that When 
attached at the mounting location of the body the ?xture 
provides a reference structure in a determined location and 
orientation With respect to the target Within the body. 

The method can include one or more of the folloWing 
features. 

Multiple mounting points can be identi?ed in the scanned 
image. The geometric relationship betWeen corresponding 
mounting points on the ?xture and the reference structure 
can then be determined. The method can further include 
attaching mounting anchors to the body prior to scanning the 
body. Scanning markers are attached to the anchors. The 
identi?ed mounting points are then the locations of the 
scanning markers in the three-dimensional image. 
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2 
The mounting location for the ?xture can be an anatomi 

cal structure on the body. Acontour of a surface of the ?xture 
is determined to mate With the anatomical structure. 

The method can include identifying the target in the 
scanned image. Also, a trajectory for reaching the target can 
be identi?ed. The location and orientation of the reference 
structure is then determined With respect to the identi?ed 
trajectory. 
The structure of the ?xture can be determined in terms of 

a solid model of the ?xture Which de?nes the volume 
enclosed by the surface of the ?xture. The method can then 
also include fabricating the ?xture according to the solid 
model. 
The method can include attaching the surgical ?xture to 

the body and guiding an instrument to the target With 
reference to the attached surgical ?xture. 
The method can include attaching the surgical ?xture to 

the body and attaching multiple tracking markers to the 
surgical ?xture. For example, the multiple tracking markers, 
such a light-emitting diodes, can be attached to a tracking 
?xture that is then attached to the surgical ?xture. The 
method then includes tracking locations of the tracking 
markers relative to a remote sensing device, such as a 
camera array or a laser tracker. The method can further 
include tracking a location of a surgical instrument relative 
to the remote sensing device, for example by tracking 
locations of tracking markers attached to the instrument, and 
computing a relative position of the surgical instrument to 
the surgical ?xture using the tracked location of the tracking 
markers and the surgical instrument relative to the remote 
sensing device. 
The method can also include attaching a second surgical 

?xture at a second mounting location of the body, and 
attaching multiple tracking markers to the second surgical 
?xture. For example, the tWo surgical ?xtures are attached at 
tWo mounting points on an articulated portion of the body, 
for example, on tWo bones coupled at a skeletal joint. The 
method then includes tracking locations of the tracking 
markers attached to the second surgical ?xture relative to the 
remote sensing device and computing a relative position of 
the tWo mounting locations of the body from the tracked 
locations of the tracking markers attached to both surgical 
?xtures. For example, a con?guration of a skeletal joint can 
be determined from the computed relative position of the 
mounting locations. 
The body can include a spine and the mounting location 

can include a spinal segment. The method can also include 
forming a model of the spine. The method can further 
include forming a corrected model of the spine in a corrected 
con?guration. The determined structure of the surgical ?x 
ture is such that When attached, the ?xture provides a second 
reference structure in a determined location and orientation 
With respect to the target in the corrected con?guration of the 
spine. 
The method can include selecting a model of a standard 

?xture and deforming the model of the standard ?xture in 
order to match the standard model to the target and the 
mounting location. 

In another aspect, the invention features a surgical ?xture 
formed from a computer model using a rapid prototyping 
and tooling technique. The ?xture includes multiple mount 
ing sections for attaching the ?xture to a body at a prede 
termined mounting location on a body and a reference 
structure coupled to the mounting sections for guiding a 
surgical instrument into the body. When the ?xture is 
attached to the body at the mounting location the reference 
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structure is at a predetermined location and orientation to a 
target Within the body. The ?xture can include an instrument 
guide mounted on the reference structure for driving the 
instrument into the body. 

In another aspect, the invention features softWare stored 
on a computer readable medium for causing a computer to 
perform the functions of processing a three-dimensional 
scanned image of a body, the scanned image including the 
target Within the body and a mounting location of the body 
and determining a structure of a surgical ?xture such that 
When attached at the mounting location of the body the 
?xture provides a reference structure in a determined loca 
tion and orientation With respect to a target Within the body. 

Advantages of the invention include avoiding the need for 
targeting of an adjustable guidance ?xture based on the 
location of target points Within the body. This reduces the 
time required for surgery, and can increase the accuracy and 
precision of targeting. 

Another advantage is that the customiZed ?xture can 
provide a mounting base in a precise location relative to the 
body. This avoids a manual registration procedure of ster 
eotactic surgery in Which a correspondence betWeen the 
scanned image and the physical body is established. The 
manual registration procedure can be time consuming and 
inaccurate. 

Another advantage is that tracking markers, such as light 
sources or re?ectors, can be attached at predetermined 
locations relative to the body, Without requiring that mount 
ing points, such as bone anchors, are in a particular 
con?guration, and Without requiring a manual registration 
step after the tracking markers are attached to the body. This 
provides ?exibility in the choice of Where to mount the 
?xture and reduces the time required before surgery can 
begin and provides improved accuracy compared to that 
typically achieved using manual registration and avoids 
errors inherent in a manual registration step. 

Another advantage is that the customiZed ?xture is easily 
attached to the body, for instance by mating the ?xture to a 
set of anchors attached to the body prior to scanning, or in 
another instance, mating the ?xture to the particular 
anatomy of the patient. 

Another advantage is that the customiZed ?xture can be 
repeatedly reattached to permanently implanted anchors in 
the body alloWing folloW-up or repeated procedures. 

Another advantage of the invention is that the detailed 
?xture design can be based on a desired con?guration of a 
con?gurable portion of the body, such as the spine, rather 
than solely on the con?guration during scanning. This 
alloWs the ?xture to be used not only to guide instruments 
into the body, but When attached to the body, to constrain the 
con?guration of the body, such as correcting a spinal or 
orthopedic bone deformity or complex fracture. 

Other features and advantages of the invention Will be 
apparent from the folloWing description, and from the 
claims. 

DESCRIPTION OF THE DRAWINGS 

FIGS. 1a—b shoW scanning markers and bone anchors 
used to attached the scanning markers to a skull; 

FIG. 2 illustrates a scanning phase; 
FIG. 3 illustrates a scanned image and located image 

points; 
FIG. 4 illustrates a customiZed ?xture; 
FIGS. 5a—c illustrate another customiZed ?xture, attached 

to a head, and vieWed along a target trajectory and from the 
side; 
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4 
FIG. 6 is a side vieW of a ?xture supporting an instrument 

guide; 
FIG. 7 is a side vieW of a ?xture supporting an adjustable 

instrument guide; 
FIG. 8 illustrates a head-mounted ?xture Which mates 

With the contours of the skull; 
FIGS. 9a—b illustrate a customiZed ?xture for spinal 

surgery; 
FIGS. 10a—b illustrate a spinal ?xture used to modify the 

curvature of the spine; 
FIG. 11 illustrates a computer implementation of the 

?xture design procedure; 
FIG. 12 illustrates attachment of tracking markers to a 

customiZed ?xture; 
FIG. 13 illustrates sensor-tracked image guidance of a 

surgical instrument relative to tracking markers attached to 
a skull With a customiZed ?xture; and 

FIG. 14 illustrates multiple customiZed ?xtures support 
ing tracking markers used to track the position of a femur 
relative to a pelvis. 

DESCRIPTION 

An approach to stereotactic surgery according to the 
invention involves four phases. 

Scanning and Surgical Planning. A three-dimensional 
scanned image of a patient is taken. Asurgeon identi?es 
a target point or volume Within the body and determines 
coordinates of the target in the image. 

Fixture Design. Based on the scanned image and the 
identi?ed target point, a computer “solid model” of a 
customiZed ?xture is computed. The solid model is 
computed so that the resulting ?xture can be precisely 
attached to the body. The ?xture is further designed to 
include an integral instrument guide, or a mounting 
base for a removable guide, for accurately positioning 
a surgical instrument at the target point When the ?xture 
is attached to the body. 

Fixture Fabrication. Based on the computed solid model, 
the customiZed ?xture is fabricated using a computer 
controlled rapid prototyping and tooling (RPT) tech 
nique. 

Surgery. The fabricated customiZed ?xture is attached to 
the patient, and a surgical instrument is guided to the 
target point using the ?xture. 

Brain Surgery 

A ?rst embodiment of the invention is directed to brain 
surgery. Several alternative embodiments, described beloW, 
are also directed to brain surgery. Additional related embodi 
ments are also applicable to other types of surgery, including 
spinal surgery. The ?rst embodiment, Which is directed to 
brain surgery, is described beloW folloWing the four phases 
summariZed above. 

Scanning and Surgical Planning Phase 

Referring to FIG. 1a, in the ?rst phase, the scanning and 
surgical planning phase, a set of bone anchors 120 is 
attached to the skull 100 prior to scanning the patient. In the 
illustrative example shoWn in FIG. 1, three bone anchors 
120 are attached to the skull. A greater or smaller number of 
anchors can also be used. During the later surgical phase, 
bone anchors 120 Will be the attachment points for the 
fabricated ?xture. 

Referring to FIG. 1b, each of the bone anchors 120 has a 
threaded opening for accepting threaded bolts or other 
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threaded attachments. In particular, prior to scanning, each 
threaded opening is used to accept a scanning marker 122. 
Each scanning marker 122 includes a threaded section 124 
attached to a marker portion 126. 

Marker portion 126 includes a material that Will result in 
a visible image in the scanned image. Various types of 
scanning techniques can be used, including CT, PET, MRI, 
SPECT, and laser. The material in the marker portions 126 
is chosen depending on the scanning technique that Will be 
used. 

Referring to FIG. 2, after scanning markers 122 are 
attached to bone anchors 120, the patient is scanned in a 
scanner 210 (illustrated schematically) producing a three 
dimensional image 230. This image is transferred to a 
computer 220 Where it is stored. 

After the scanning process is complete, scanning markers 
122 are removed from the patient, but bone anchors 120 are 
left ?rmly in place. In a typical situation, because the 
surgical phase of the process Will not begin for several hours, 
or even several days, the patient is alloWed to Walk around 
or even alloWed to return home at this point. 

Referring to FIG. 3, a surgeon plans the upcoming surgery 
using a computer display of image 230 using Well-knoWn 
techniques in stereotactic surgery. The surgeon identi?es a 
target image point 310 in image 230 corresponding to a 
target point in the body. The three dimensional coordinates 
of the target image point in the coordinate system of image 
230 are stored on the computer. The surgeon also identi?es 
an entry image point 320 de?ning a straight-line trajectory 
by Which a surgical instrument can reach the target point 
While avoiding critical structures in the brain. The coordi 
nates of the entry image point are also stored. 

Referring still to FIG. 3, marker image points 330 in 
image 230 correspond to the marker portions 126 of scan 
ning markers 122 (FIG. 1b). The surgeon can locate these 
points using the computer display in a similar manner to 
locating the target and entry points. Alternatively, an auto 
mated algorithm is implemented on computer 220 to locate 
marker image points 330 based on the image characteristics, 
such as brightness or shape, of the points. In either case, the 
coordinates in the image of marker image points 330 are 
stored. 

At this point, based on a knoWn correspondence of the 
scanned image to the physical body, the locations of the 
actual target and entry points on the body With respect to the 
locations of the scanning markers are computed and stored 
on the computer. This computation is based on the stored 
coordinates of the corresponding marker, target, and entry 
image points. 
A representation of the surface of the skull can be com 

puted directly from the scanned image using Well-knoWn 
image processing techniques. This surface representation 
can be used to ensure that a designed ?xture Will properly ?t 
over the skull, or to determine other characteristics of the 
skull that may be used to design the ?xture. 

This completes the scanning and surgical planning stage. 

Fixture Design Phase 

The next phase of the process involves design and fabri 
cation of the ?xture itself. The design requirements of the 
?xture can be understood by referring to FIG. 4 Which shoWs 
hoW a fabricated ?xture 400 Will be attached to bone anchors 
120 in the surgical phase. In this embodiment, ?xture 400 is 
attached to bone anchors 120 using bolts 432 Which pass 
through openings 430 in ?xture 400. When attached to the 
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6 
bone anchors, mounting points of ?xture 400 are located at 
the prior locations of the marker portions 126 of scanning 
markers 122. 
A planned actual trajectory 460 passes through an actual 

entry point 420 to an actual target point 410 corresponding 
to the planned entry image point 320 and target image point 
310 (FIG. 3). Trajectory 460 passes through ?xture 400 
When attached to the skull. 

Fixture 400 includes a Way of mounting an instrument 
guide onto it to guide a surgical instrument along trajectory 
460. In this embodiment, ?xture 400 includes a mounting 
base 450 for attaching an instrument guide. Mounting base 
450 has a ?at surface With a central opening. When ?xture 
400 is attached to the skull, trajectory 460 passes through the 
central opening of the mounting base and the ?at surface of 
mounting base 450 is perpendicular to trajectory 460. The 
distance betWeen target point 410 and the mounting base is 
also determined before the surgical phase, for example by 
designing the ?xture so that this distance is a standard 
distance related to the type of instrument that Will be used. 
The design of ?xture 400 for a particular patient and 

surgical procedure must satisfy several constraints including 
one or more of the folloWing: 

mounting base 450 is centered on the planned trajectory 
and oriented perpendicular to the trajectory, 

the mounting points of ?xture 400 mate With bone 
anchors 120, 

the distance betWeen target point 410 and the mounting 
base must be an exact distance or Within a particular 
range related to the surgical instrument and guide that 
Will be used, 

the orientation of the ?xture at each of the mounting 
points must be appropriate for the orientation of the 
corresponding bone anchors, and 

the ?xture must provide suf?cient clearance above the 
skull When mounted. 

Referring to FIGS. 5a—c, an second exemplary ?xture 500 
is shoWn attached to the patient’s head (FIG. 5a) and shoWn 
in a vieW along the planned trajectory (FIG. 5b) and in cross 
section (FIG. 5c). Fixture 500 is designed to attach to four 
bone anchors. Fixture 500 has a central mounting base 550 
in a center section 520. Four “legs” 510 extend from the 
center section to four mounting pads 530 With mounting 
holes 540 through Which ?xture 500 is attached to the bone 
anchors. 
The procedure for satisfying the constraints identi?ed 

above uses an algorithmic approach. The approach can be 
understood With reference to FIGS. 5b—c. Referring to FIG. 
5c, mounting base 550 is centered on planed trajectory 460. 
In this example, the distance betWeen target point 410 and 
the center point 562 of the mounting base is set to a 
predetermined ?xed distance. 

Referring still to FIG. 5c, tWo of the mounting points 532 
are illustrated along With the axes of the bone anchors. 
Mounting pads 530 are designed as planar sections to lie 
over the mounting points and to be perpendicular to the axes 
of the bone anchors. Legs 510 are then designed as planar 
sections that join mounting pads 530 and center section 520. 

In FIG. 5c, the surface of the skull 534 is illustrated along 
With entry point 420. The mounting pads, legs, and center 
section are design to lie above and provide suf?cient clear 
ance above the skull. 

In order to orient mounting pads 530 perpendicularly to 
the axes of the bone anchors, this approach to designing 
?xture 500 relies on knoWledge of the orientations as Well as 
the locations of the bone anchors. In the approach described 












